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Surgical procedures are an essential part of modern medicine. It is estimated that there are 187.2 -281.2 million major surgical cases per year, equating to about one procedure per 25 people. [1] Surgery, however, is not without risk. An Australian study that investigated negative events associated with surgery found that 21.9% of surgical admissions were associated with an adverse event, and that 47.6% of these were preventable complications. [2] In more recent studies, the International Surgical Outcomes Study (ISOS) showed that 16.8% of patients developed complications, with a mortality rate of 2.8%, [3] the European Surgical Outcomes Study (EuSOS) showed a mortality of 4%, [4] and in the South African Surgical Outcomes Study (SASOS) the mortality was 3.1%, with the highest hospital mortality being 9.5% [5] Efforts to decrease adverse events and improve patient safety led to the Safe Surgery Saves Lives programme and subsequently to the World Health Organization Surgical Safety Checklist (WHO SSCL). [6] The WHO SSCL was introduced in 2008 and is aimed at improving patient safety and inter-discipline communication and preventing avoidable complications by emphasising current safety procedures. It comprises a list of questions asked at three intervals during the procedure: before induction of anaesthesia, prior to skin incision and before the patient leaves the operating theatre. [6] A pilot study done after introduction of the WHO SSCL to assess the effect of implementation showed a reduction in surgical complication rate, surgical site infection, unexpected re-operation and death rate in hospital. [7] Another study, showing improvement of patient identification and surgical site confirmation, emphasised that better understanding of each team member's role aided in better communication and teamwork. [8] Other studies have shown contradictory results. Urbach et al. [9] investigated the effect of surgical safety checklists at 101 hospitals. They compared mortality data, surgical complications and readmissions before and after implementation of an SSCL, which did not show any significant differences. Lübbeke et al. [10] also showed no effect on 30-day mortality, unplanned critical care admissions and unplanned repeat surgery.
In the SA setting, a recent study investigated the use of a modified SSCL and its impact on maternal outcomes. [11] In centres where the checklist was implemented, there was a significant reduction in complications, such as postoperative infections (from 10 to 6.2 events per 1 000 procedures) and unplanned repeat surgery (from 9.6 to 6.9 events per 1 000 procedures). In centres that were regarded as 'good implementers' (based on the level of implementation), there was a significant improvement in incident rate ratios for combined outcomes (p=0.001) and maternal mortality (p=0.023).
Nonetheless, the SSCL is still poorly and incorrectly implemented at many hospitals. In a study by Naidoo et al., [11] the SSCL was implemented at 9 hospitals, but poorly implemented at 6 of these. In the SASOS study, the SSCL was used in 63.7% of cases (Prof. B Biccard -personal communication, 2015).
In a study observing the completion of the SSCL, completion of parts of the checklist occurred in only 27% of cases. [12] Levy et al., [13] who investigated completion of the first part of the SSCL, found that only two checkpoints were completed >90% of the time, whereas the rest of the checkpoints were completed in <60% of cases. [13] In Pakistan, initial checklist compliance was 20.4%, which increased to 89.9% after 4 years. [14] Bashford et al. [15] showed a decline in the compliance rate -from 83% one month after implementation to 18% eight months after implementation.
Barriers to the effective implementation of the SSCL, as identified by Fourcade et al., [16] include the duplication of checklist items with checks already in place, poor communication between team members, perception of the checklist as a time-consuming process without the addition of benefit to patient care and safety, poor timing for completion of the list, worsening of patient anxiety, uncertainty about each member's role, inappropriate nature of the set questions for different centres, and 'gaming' , where items not checked are marked off as checked.
Naidoo et al. [11] identified some of these barriers. 'Poor teamwork between doctors and nurses' , 'lack of support from senior healthcare workers and management' and 'personal motivation' were cited as contributing to poor implementation. In the UK, unfamiliarity, embarrassment during timeout or the introduction process, hierarchical issues, timing of the checklist and duplication of checks were recognised as challenges. Treadwell et al. [18] grouped barriers into four categories: confusion regarding the proper use of the SSCL; pragmatic changes to efficient workflow; access to resources; and individual staff beliefs and attitudes.
Our questionnaire-based study aimed to identify barriers to the use of the WHO SSCL in our setting and to investigate perceptions of the SSCL held by our various staff groups. We attempted to confirm the role of barriers identified by previous studies in different settings, as well as those specific to our setting, in the hope that such knowledge could be applied to improve the use of the SSCL, and ultimately the safety of our patients.
Methods
Questionnaires were handed out to theatre teams across all surgical disciplines at two academic teaching hospitals in the complex in Durban, SA. Each theatre team consisted of scrub nurses, and anaesthetists and surgeons at both senior (consultant) and junior (registrar and medical officer) levels. A convenience sampling model was used, selecting the two largest hospitals in the complex, with each site sampled for a week. Each site had been using the checklist for at least the preceding year. We calculated that the total sample population including all staff present during the study period would be 150.
Data collected included the respondent's role in the theatre, their sense of the intention of the checklist, and whether any training in the use of the SSCL was received. An open-ended question was also posed to evaluate the respondent's views on what made it difficult to use the checklist. This was followed by a series of questions regarding previously identified barriers [16] and staff perceptions, to which respondents could respond 'yes' , 'no' , or 'don't know' . To this we added statements evaluating the respondents' overall perception of the SSCL.
Ethical approval
The Biomedical Research Ethics Committee, University of KwaZuluNatal, granted approval for the study (ref. no. BREC: BE490/14).
Statistical analysis
All data were entered onto a data sheet. SPSS Version 24.0 (IBM Corp., USA) was used to analyse data. Descriptive statistics were used to describe the data. Categorical variables are presented as number (%). Pearson's χ 2 test, Fisher's exact test and binary logistic regression, where relevant, were used to test for differences among the groups. Statistical significance was set at p<0.05. Where relevant, results are expressed as odds ratio (OR) with 95% confidence intervals (CIs).
Results
A total of 225 questionnaires were distributed, with 184 returned, giving a response rate of 81.7%. Of the returned responses, 7 (3.8%) respondents had not previously heard of the checklist. The distribution of the respondents with regard to their roles in theatre and their ranks are shown in Table 1 .
Responses to the open-ended question regarding the intention of the WHO SSCL were grouped according to themes that emerged. These are reflected in six groups in Table 2 . Some gave more than one answer, with 21 respondents included in groups 1 and 2 ( Table 2 ). All 18 responses alluding to the avoidance of medicolegal hazards were from nursing staff.
A total of 146 (79.3%) respondents indicated that they had not received any training with regard to the WHO SSCL. Of the 38 who Table 3 . The 17.4% of responses making reference to surgeons or surgeon disinterest specifically are not included in the response highlighting lack of buy-in from team members. Table 4 reflects responses to previously identified barriers and staff perceptions of SSCL use cross-tabbed against the role of the respondents in the operating theatre, i.e. nurse, anaesthetist or surgeon. Table 5 reflects responses to the same statements crosstabbed against the rank of the medical personnel. The 'don't know' responses have been excluded from the analyses.
Discussion
Despite a worldwide drive for safer surgery, implementation of and compliance with a validated available tool, such as the WHO SSCL, remain poor. [9] [10] [11] [12] [13] We aimed to identify and understand the barriers to the use of the WHO SSCL, such that recommendations could be made to enhance its use in our setting.
There was a good response rate of 81.7% to our questionnaires. The higher than anticipated number of questionnaires distributed is explained by there being more surgeons than expected. We did not attempt to differentiate between the two study sites, as the staff and practice were considered to be similar. With only 3.8% of respondents having not heard of the SSCL, and 86.4% wanting to use it, a positive platform from which to start was provided. The higher proportion of surgeons compared with anaesthetic personnel may be explained 
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by different surgical teams on different days, with nursing and anaesthetic staff remaining more constant. The study yielded a good distribution among the different levels of medical staff. There was an overwhelming majority of respondents (95.1%) who perceived the SSCL as being intended to improve safety and/or prevent errors and reduce morbidity and mortality. This understanding of the intention of the SSCL by the majority makes non-compliance even more difficult to explain. All responses relating to avoidance of medicolegal hazards came from nursing personnel, indicating their increased concern about litigation. The low proportion (12%) of respondents describing communication and teamwork in their responses is concerning. A clear majority of all respondents believed that: failing to complete the checklist was poor professional practice (72.8%); using the checklist decreased human error (90.8%); using the checklist improved patient safety (90.2%); and using the checklist improved teamwork (79.3%). Overall, it would appear that any limitation to implement the SSCL is not associated with a lack of appreciation of its intention.
No new barriers were identified during this study, as all responses to the open-ended question were related to known barriers identified in previous studies in different settings. [11, 16, 17] Our key factors were time-related issues (timing and time-consuming) and a lack of buyin from team members, which were in keeping with other studies. With numerous identified factors, Treadwell et al. [18] attempted to group barriers into the following four categories: confusion regarding the proper SSCL; pragmatic changes to efficient workflow; access to resources; and individual staff beliefs and attitudes. Factors in all four categories were identified in our cohort.
The low level of training received with regard to the SSCL in our study (20.7%) reflects an area of concern. A Pakistani study [14] showed a greater than 4-fold increase in compliance over a 4-year period as training continued and momentum to SSCL use developed. Contradictorily, an Ethiopian study [15] showed a decrease from 83% to 18% in SSCL use over 8 months after implementation, despite ongoing training. In our cohort, 12% of all respondents indicated that inadequate training was a barrier, but 85.9% perceived the need for staff to be trained. Although training alone is unlikely to solve the problem of poor compliance, it may represent an area for intervention, especially if it involves the entire theatre team.
Despite time-related issues being perceived as a major difficulty in the open-ended question, 69% of all respondents felt that the SSCL did not take too long to complete. The interpretation of this is difficult. Of all respondents, 62.5% did not believe that the SSCL was a duplication of an existing check, which was in keeping with a small proportion (3.3%), who raised this as a factor in the openended section. This is in contrast to other studies, where both of these consistently appear as major factors. [16] [17] [18] There was a perception by the majority of all the respondents that the SSCL was supported by nurses (62.5%), anaesthetists (70.1%) and management (68.5%). This was in contrast to the perception of support by surgeons in only 45.1% of respondents. This is in keeping with other studies and suggests an area for intervention. A US study 
showed that nurses and anaesthetists felt that surgeons participated effectively in the time-out process (47% and 58.3%, respectively), but surgeons felt that they participated effectively in 96% of cases. [19] The study postulated that this was due to poor communication.
Fourcade et al. [16] also described poor communication between surgeons and other theatre personnel. 
In comparison to anaesthetists, surgeons were 3.1 times less likely to find it difficult to locate a co-ordinator (Table 4) . Compared with nurses, anaesthetists were 4.4 times more likely to not know whose responsibility it was to initiate the SSCL, and 5.5 times more likely to think that it was necessary to use the SSCL. With regard to support of the SSCL, anaesthetists were consistently more likely to feel that surgeons, nurses and management did not support use of the checklist. These differences between the groups may point to a need for differential interventions for each in some respects. Compared with junior staff, senior staff were 5-fold more likely to feel that staff did not need to be trained, and 8-fold more likely to indicate that the checklist did not improve patient safety (Table 5) . Junior staff were 9.8 times more likely to feel that the checklist was not a waste of time, although the 95% CI for this is very wide. The difference in opinion between senior and junior staff is therefore quite stark, and may well reflect a generational difference in exposure to safety practices such as the SSCL.
Study limitations
The study is subject to a few limitations. The convenience sampling using two hospitals only may mean that the sample may not be representative of the population in the area. The barriers identified in this study may also be specific to these centres and therefore not generalisable. As this was a questionnaire-based study with answer options provided for some questions, it may not be a true reflection of current practice. We did not investigate compliance with the SSCL, making an assumption that its use was not optimal.
Exploring the apparent relative success of the implementation of the SSCL among private hospital groups in SA may help to clarify the difference in barriers in the public and private settings. Factors such as different training and implementation strategies, stricter adherence to hospital policies and the perception of the SSCL as a cost-saving intervention may be postulated as factors driving the use of the SSCL in the private sector.
Recommendations
We propose some recommendations similar to those of Vats et al. [17] to facilitate the use of the WHO SSCL in our context. There needs to be widespread training in the use of the SSCL, including adaptation of the checklist to make it fit for purpose in the setting. There needs to be a focus on enhancing the functioning of the various role players in the operating theatre as a team, with a particular emphasis on including the surgeons. Local champions need to be cultivated and there has to be regular audit and feedback to evaluate the checklist use and identify new issues that may arise.
Conclusion
The WHO SSCL is an important tool in the operating theatre environment. It improves patient safety, enhances communication and fosters teamwork. The barriers in our setting are similar to those identified in other settings and improving compliance should therefore focus on these. Improving effective and widespread use of the checklist will allow theatre staff to work together towards ensuring a safer theatre environment for both patient and staff.
